Linear DNA introduced into carrot protoplasts by electroporation undergoes ligation and recircularization.
The integrated DNA in stable transformants formed by direct gene transfer often shows complex restriction patterns. One cause of these complex restriction patterns could be the ligation of plasmid fragments prior to their integration. This paper provides evidence for the ligation of plasmid fragments by plant cells. Carrot protoplasts were electroporated in the presence of pCaMVCATM and assayed for chloramphenicol actyltransferase (CAT) activity 24 h later. Linear and supercoiled forms of pCaMVCATM supported similar levels of CAT expression. Surprisingly, digestion of the plasmid at a site between the CaMV 35S promoter and the CAT coding region reduced expression by only 40-50%. Electroporation carried out in the presence of isolated plasmid fragments suggested that this result was due to ligation of the linearized plasmid by the protoplasts. CAT expression was obtained with a mixture of isolated CaMV 35S promoter and the CAT coding region; neither fragment alone supported expression. Further evidence of ligation was provided by electroporation of protoplasts in the presence of a mixture of linearized pGEM and the 1.5-kb Hind III fragment of pCaMVCATM. DNA isolated from nuclei of the protoplasts was used to transform competent cells of Escherichia coli, and colonies were recovered that carried pGEM with Hind III-CaMVCAT inserts. Electroporation of protoplasts in the presence of linear and supercoiled pGEM and use of DNA isolated from nuclei to transform E. coli yielded an estimate of the frequency of plasmid ligation. A maximum of only 4% of the input linear DNA was recovered as circular molecules. This result suggests the frequency of ligation is low, but examination of the plasmid DNA in the plant nuclei by electrophoresis indicates extensive degradation of the plasmid and preferential loss of the circular forms. Thus, the ligated plasmids may be converted to the linear form and hence rendered unrecoverable by cloning into E. coli.